Synthesis of CdSe/CdS/ZnS Core/Shell/Shell quantum dots (QDs): A previously reported recipe was used with slight modifications. 1 Briefly, 1 mmol of cadmium oxide (CdO), 19 mmol of OA and 2 mmol of zinc acetate (Zn(OAc) 2 ) were mixed with 25 mL of ODE in a flask and degassed for 15 minutes. Then the temperature was raised to 300 C under argon atmosphere. At 300 C, 0.2 mL of previously prepared 1M TOP-Se precursor was swiftly injected into the reaction flask.
After 3 minutes, 0.3 mL of 1-dodecanethiol was dropwise injected into the mixture and the reaction was allowed to continue for 20 minutes. Later, 1 mL of previously prepared 2M TOP-S precursor was added to the mixture and the reaction was continued for another 10 minutes. Finally, the reaction was stopped and the QDs were precipitated out, cleaned with ethanol several times and dispersed in toluene for further use.
Preparation of Cadmium Myristate: Cadmium myristate was prepared according to a previously reported recipe. 2 Typically, 1.23 g of cadmium nitrate tetrahydrate was dissolved in 40 mL of methanol and 3.13 g of sodium myristate was dissolved in 250 mL of methanol. When both the powders were completely dissolved, the solutions were mixed and stirred vigorously for 1 h.
Cadmium myristate was formed as a precipitate, which was then removed by centrifugation and washed by redispersing in methanol to remove any unreacted and/or excess precursors. After repeating the washing step for at least three times, the precipitated part was completely dried under vacuum overnight.
Synthesis of the 4ML thick CdSe Core NPLs: The synthesis followed the recipe reported previously with slight modifications. 2 Typically, 170 mg of cadmium myristate, 12 mg of Se and 15 mL of ODE were loaded into a three-neck flask. After degassing the mixture for 1 h at room temperature, the solution was heated to 240 °C under argon atmosphere. When the solution turns bright orange (generally around 190-200 °C), 80 mg of cadmium acetate dihydrate was swiftly added to the reaction solution. After reaching 240 °C, the solution was cooled to room temperature and 0.5 mL of OA was injected. CdSe NPLs were precipitated by adding acetone and dispersed in hexane. Size-selective precipitation using centrifugation at different speeds was used if any additional sizes of NPLs were formed.
Preparation of Anisotropic Growth Solution for CdS Crown: A previously reported procedure was followed with slight modifications. 2 For the preparation of cadmium precursor, 480 mg of cadmium acetate dihydrate, 340 μL of OA, and 2 mL of ODE were loaded in a beaker. The solution was sonicated for 30 minutes at room temperature. Then, it was heated to 160 °C in ambient atmosphere under continuous stirring and alternating sonication until the formation of whitish color homogeneous gel. After the cadmium precursor was prepared, it was mixed with 3 mL of 0.1 M S-ODE stock solution and used for the CdS crown coating.
Synthesis of CdSe/CdS Core/Crown NPLs: A typical core-seeded synthesis method reported previously was used with slight modifications. 2 A portion of the 4 ML core synthesis in hexane and 15 mL of ODE were loaded in a three-neck flask. The solution was degassed at 100 °C for the complete removal of hexane. Then, the solution was heated to 240 °C under argon flow and a certain amount of anisotropic growth mixture for CdS crown was injected at the rate of 12 mL/h. After obtaining the desired crown size by adjusting the injection amount, the resulting mixture was further annealed at 240 °C for 5 min. After that, the solution was cooled down to room temperature and the core/crown NPLs were precipitated using ethanol. The NPLs were cleaned three times with ethanol and methanol to remove any traces of unreacted precursors, which was crucial for the shell growth step using c-ALD. Lastly, they were then dispersed in hexane to be used for the shell deposition.
Synthesis of CdSe/CdS@Cd 1-x Zn x S Core/Crown@Shell NPLs: We used a modified procedure of the c-ALD recipe reported previously. 3 1 mL of core/crown NPL seeds in hexane were kept for use such that 100 L of these NPLs dissolved in ~3 mL hexane had an optical density of ~2 at 370 nm. For cation precursors we used 0.4 M cadmium nitrate tetrahydrate (Cd-nitrate) and 0.4 M zinc nitrate hexahydrate (Zn-nitrate) solutions in NMF. For sulfur precursor we used 40-48 wt% solution of ammonium sulfide in water. Specifically, for the first sulfur shell growth, we added 40 L of ammonium sulfide in 4 mL NMF and under vigorous stirring added 1 mL of CdSe/CdS core/crown seeds, which we had prepared separately. After 2 minutes of stirring when all the NPLs had entered the NMF phase from hexane, the reaction was stopped by quickly adding acetonitrile and excess toluene to precipitate the NPLs via centrifugation. This cleaning step was repeated once more by redispersing the NPLs in NMF and precipitating them using acetonitrile and excess toluene to remove any remaining sulfur precursor. Finally, the NPLs were dispersed in 4 mL of NMF for the next cation deposition step. For obtaining a high QY, it was found important that the absorption spectrum of NPLs after the first sulfur shell growth matched well with the growth of 1 ML of shell. Next, for producing an alloyed shell sample, we added 1 mL of solution having a mixture of X% Cd-nitrate and (100-X)% Zn-nitrate in NMF by volume for the cation step. For typical high quantum yield samples we used X<10 for the first cation step and successively reduced it till zero in the subsequent cation steps. The reaction was allowed to continue by stirring for at least 45 minutes in ambient atmosphere and under room light, after which the NPLs were precipitated out by adding acetonitrile and excess toluene for centrifugation. The cleaning step similar to the previous one was repeated once more to remove all excess precursors. The growth cycle of sulfur and cation precursors were further continued (now only in NMF) to increase the number of shells as required while gradually increasing the Zn content with each cycle. Each cycle added 2 monolayers of cation-sulfur shells on top of the previous. For pure Cd-shell or pure Znshell, either 1 mL of 0.4 M Cd-nitrate or 1 mL of 0.4 M Zn-nitrate solution in NMF were used, respectively, in each cation step described above. At the end the core/crown@shell NPLs were dispersed in NMF for further use.
Dispersion in Hexane/Toluene using Oleylamine Ligands: The core/crown@shell NPLs were precipated from NMF using excess toluene and acetonitrile using centrifugation. Then, the precipitate was dissolved in hexane by adding excess oleylamine and stirred for 3 hours to complete the ligand addition. It was cleaned mildly once by precipitation by adding ethanol and dispersed in hexane or toluene for further use.
Ligand Exchange of NPLs to MPA for Aqueous Dispersion: A previously reported ethylenediamine (EDA) assisted ligand exchange procedure was used with slight modifications. 4 To disperse the NPLs into water, the NPLs were precipated from toluene or hexane using ethanol and dispersed into 3 mL chloroform. Then, 1 mL EDA was added and the solution was stirred for 1 h. After that, 3 mL of 0.15 M solution of the deionised water containing 3-mercaptopropionic acid (MPA) was added for ligand exchange. The immediate transfer of the NPLs into the water phase completed the ligand exchange process after which the NPL-water solution was transferred to a separate vial. A miniscule quantity of zinc nitrate hexahydrate was added to the solution to compensate for any surface etching during the ligand exchange process.
Patterned Deposition of Aqueous NPLs: A previously reported procedure was followed with slight modifications. 5 A cleaned glass substrate was coated with PMMA layer around 1 m thick by spincoating. The desired pattern for deposition was etched on it using electron beam lithography. Then the substrate was treated with O 2 -plasma for 40 s at 60 W in a 190240160 mm 3 chamber (COVANCE-MPR by Femto Science Inc) to make the exposed areas hydrophilic. Then, the substrate was dipped into a solution of 2% PDDA containing 0.5 M NaCl in de-ionized (DI) water for 5 minutes followed by rinsing with pure DI-water. The PDDA linker was attached to the exposed areas on the substrate. Then a dilute solution of aqueous NPLs was pipetted on top of the PDDA-treated substrate and kept for 5 minutes. After that the excess NPLs were rinsed away with DI-water. The substrate was blow-dried with a nitrogen gun and observed under a confocal imaging microscope (Becker & Hickl, GmbH) for imaging the PL intensity under 375 nm laser excitation.
Time-resolved PL: Time-resolved PL was performed using an Optronis Optoscope TM streak camera system. The pump laser pulses were generated from a 1-kHz regenerative amplifier (Coherent Libra TM ). The beam from the regenerative amplifier has a center wavelength at 800 nm, a pulse width of around 150 fs and was seeded by a mode-locked Ti-sapphire oscillator (Coherent Vitesse, 80MHz). The 400-nm pump laser was obtained by frequency doubling the 800-nm fundamental regenerative amplifier output using a BBO crystal.
Back focal plane spectroscopy: To investigate the k-space dependent emission, we performed spectrally-resolved back focal plane imaging 6 with an inverted optical microscope setup (Nikon Ti-U) coupled to a spectrometer (Andor SR-303i) equipped with an EMCCD detector (Andor, Newton). 7 The sample was excited and collected via glass substrate using an oil immersed objective lens (Nikkon) with 100× magnification and numerical aperture (NA) of 1.25. The pseudo-momentum space k is related to the elevation angle of emission  of the NPLs by the formula: k = n sin(), where n is the refractive index of the immersion oil (1.52 in this case). The maximum collection k = 1.25 ( = 55.3) was limited by the NA of the objective lens. We note that the limitation from the NA gives rise to the appearance of abrupt sharp peaks at extreme angles of our measurement. A linear analyzer aligned to the polarizer was placed in the detection path to selectively measure the bright dipolar mode (p-pol component) of the NPLs. The back focal plane was then imaged onto the entrance slit of the spectrometer (width of 100 µm) oriented along the polarizer axis and was dispersed via 150 gr/mm grating (500nm blades) onto 2D CCD array providing angular-resolved emission spectrum of the sample in a single image. 
Theoretical Section
Wave function distribution calculations: To calculate the electron and hole first excited state energy in the core/shell and core/multi-shell nanoplatelets, we consider the problem of particle in a box. The stationary Schrödinger equation is solved assuming the effective mass approximation:
(S1)
is the potential arising from the conduction and valence band offsets, m is the effective mass corresponding to the electron and hole, respectively, and  denotes the envelope wave function.
In the case of core/shell NPLs, we take the potential barrier between CdSe core and Cd 1-x Zn x S shell according to figure S11(a). Here, V 1 results from the conduction and valence band offset between CdSe and Cd 1-x Zn x S; and V 2 = 2.0 eV is the band offset between the CdSe and the surrounding medium. 8 Adding multi-shell interlayers lead to the potential barriers as shown in figure S11(b) where the number of shells can vary from 2 to 10, and V i 's represent the respective band offsets between the CdSe core and Cd 1-x Zn x S shells at different composition levels.
Independent of the number of shells, the latest barrier has always the potential offset of the surrounding medium 8 (~2 eV). Taking into account the usual boundary and normalization conditions, the electron and hole first excited energy can be computed. Figure S11 : Potential diagram representation in the (a) core/shell, and (b) core/multi-shell nanoplatelets. V 1 (in (a)) represents the potential barrier offset between CdSe core and Cd 1-x Zn x S shell. V i 's (in (b)) are the potential barrier offsets for the electron and hole for between CdSe and Cd 1-x Zn x S at different compositions. Here, V 2 (in (a)) and V 6 (in (b)) represent the potential barrier offset (2 eV) between the CdSe and the surrounding medium, respectively. Table S2 lists the parameters used in calculating the electron and hole first excited energy in the CdSe/Cd 1-x Zn x S core/shell and core/multi-shell nanoplatelets. The bulk band gap energies for the Cd 1-x Zn x S with different compositions were obtained by fitting the experimental data 9,10 available for CdSe/Cd 1-x Zn x S to a quadratic equation as shown in figure S12. The effective masses for the electron and hole used for the CdSe/Cd 1-x Zn x S core/shell and core/multi-shell nanoplatelets are calculated as:
Numerical Results:
where m e(h) is the electron (hole) effective mass in CdS and ZnS, respectively. Figure S13 shows the potential barrier offsets for the conduction and valence band between CdSe, CdS, Cd 1-x Zn x S, and ZnS that were estimated using the data obtained from figure S12 and considering 0.7 eV and 1.2 eV for the conduction and valence band offsets between CdSe and ZnS, respectively. 15 Figure S14(a) shows the estimated effective masses for the electron and hole. Figure   S14 Following up from the core/shell CdSe/CdS and CdSe/ZnS NPLs, we also estimate the electron and hole wavefunctions for a series of the core/multi-shell CdSe/Cd 1-x Zn x S NPLs by changing the Zn concentration at different monolayers as shown in figure S16. Similar to the cases shown in figure S15, holes for all core/multi-shell NPLs also remain confined at the core due to the large potential barrier at the core-shell interface (≥ 0.5 eV). However, in the case of electron, we can observe that, as the Zn concentration increases, the electron is more confined in the core. This is because the potential barrier at the core-shell interface increases from 0.1 to 0.7 eV as the Zn concentration changes from 0 to 1. and (d) Sample 4: (x = 0, 1, 1, 1, 1) as the shell is increased from N = 2 to N = 10 MLs.
Back focal plane imaging simulation:
We follow the work of Schuller et al. 16 and Scott et al. 17 to simulate the back focal image of nanoplatelets emission. For the details of the derivation of the model, we recommend readers refer to the original publications. Here, we reproduce their final version of expressions to fit our experimental results and extract the fraction of in-plane (IP) and out-of-plane (OP) dipoles.
Figure S17:
The geometry of three-layer structure
Where A is an experiment-determined fitting factor.
The k-dependent spectra of the p-polarization for the pure OP and pure IP dipole transitions are shown in figures S19(a) & S19(b). And, we can extract the population fraction of IP dipoles via fitting the experiment data as shown in figure S19(c). 
